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Abstract 
A generic method for the reverse processing of dry photoresist is proposed. The technique is based on the lamination of pre-
patterned polymeric structures on the pre-existing devices. The concept is illustrated with the encapsulation at the foil level of gas 
sensors made on plastic foil. This polymeric-based technique can be either applied on plastic foils but also on conventional 
substrates such as silicon or glass. It can be used when standard packaging techniques might not be suitable or when they can 
represent a significant cost. Using the lamination of a foil, the low-temperature and dry process presented here is compatible with
large scale fabrication techniques, such as roll-to-roll processing, and aims at reducing the global fabrication cost of sensing
devices made on plastic foil. 
© 2009 Published by Elsevier Ltd. 
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1. Introduction 
The use of dry photoresist (PR) has seen a growing interest these last years, mainly for the fabrication of moulds 
for electroplating [1] or microfluidic structures [2]. By staking several layers, 3D fluidic channels were achieved [3].  
Here, we propose the application of this material in a reversed process for the encapsulation of chemical sensors. 
The proposed method aims at being compatible with large scale fabrication at the foil level. Due to the material 
involved, standard bonding techniques such as eutectic, anodic or fusion bonding cannot be used due to their high 
temperature requirements and incompatibility with roll-to-roll processing. Bonding techniques at low temperatures 
were developed as well, such as solder, ultrasonic or adhesive bonding. The two former methods usually require a 
metallic layer to properly solder the two parts involved, while for the latter, the polymeric materials are often spin-
coated to reach a uniform thickness. Therefore, these bonding techniques might not be compatible with pre-existing 
structures such as polymers or functional layers found in chemical sensors. 
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In this communication, the permanent dry film photoresist was first patterned before being laminated. A dry 
fabrication step is achieved and the contamination or damaging of sensitive layers is thus avoided. Its processing at 
low-temperature without an intermediate binding layer simplify the fabrication and makes it particularly attractive 
for devices produced on polymeric substrates. By being compatible with roll-to-roll processing, the technique 
preserves the advantages of cost reduction conferred by the manufacturing of devices at the foil level. 
2. Experimental 
The concept of reversed processing of dry PR is demonstrated with the encapsulation at the foil level of metal-
oxide (MOX) gas sensors made on polyimide sheets (Upliex-50S from UBE). These devices and their fabrication are 
fully described in [4,5]. They consist in a gas sensitive layer – a metal oxide – that changes resistivity when exposed 
to oxidizing (O2, NO2,…) or reducing (CH4, CO, NH3,…) gases. To enhance the chemical reaction and reduce the 
resistance of this layer, heat is generated by Joule effect with a buried Pt-based micro-heating element, which 
operates the device at a typical temperature of 300 °C. 
To protect the active area from pollutants, a gas permeable membrane was deposited on top of the sensing zone. 
To avoid burning when the sensor operates, it was separated by a spacer made of dry PR used as a rim. The concept 
of the packaged device is illustrated in figure 1. 
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Fig. 1: Cross-sectional schematic of the packaged gas sensor. 
The rims used as spacers were made from a 50 µm-thick permanent dry film photoresist (PerMX3050 from 
DuPont). To obtain the structures, the negative-tone dry PR layer was exposed by standard photolithography 
technique with a dose of 450 mJ/cm2 when still on its polyethylene (PE) handling film (fig. 2). The exposure was 
followed by a bake at 60 °C for 10 min on a hotplate to crosslink the exposed areas. To reveal the structures, the 
film was developed in PGMEA for 3 min, before rinsing it in IPA and drying with N2.
The final encapsulation steps are described in figure 3. After aligning them, the circular rims were laminated on 
the polyimide foil containing the sensing devices in a press for 3 min at 75 °C. By doing so, the functional material 
was not damaged due to the dry nature of the technique developed. The handling layer was peeled off, leaving 
locally 3D polymeric structures. The last fabrication steps were the dispensing of glue (Epotek H70E) on top of the 
rims and the manual deposition of the gas permeable membranes. It is however foreseen to be performed with 
method compatible with large scale processing such as screen printing the glue and laser ablation of the membrane. 
Fig. 2: Processing of the rims made of dry photoresist. (a) Dry photoresist on its handling PE film; (b) UV exposure of the film through a Cr mask 
by standard photolithography; (c) Rims on the handling film after development. 
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Fig. 3: Foil level packaging of the MOX sensors. (a) Polyimide foil with gas sensing structures; (b) Alignment and lamination of the pre-
patterned rims; (c) Removal of the handling film; (d) Glue dispensing on the rims; (e) Gas permeable membrane deposition. 
3. Results
Figure 4a presents the polyimide foil containing the sensors with the bonded rims. Their inner and outer 
diameters were respectively of 700 and 1200 µm. The good bonding of the assembly is shown in figure 4b with a 
cross-sectional view of the electrical pathway to the electrodes between the polyimide foil and the dry PR. One 
observes a perfect covering of the PI foil since no space between the two polymeric parts was observed, showing the 
high quality of the encapsulation. The adhesion of the rims to the substrate was qualitatively evaluated with a scotch 
tape test (3M Green) and reveal that the rims could not be removed from the PI foil. The completely packaged gas 
sensor is presented in the insert of figure 4a where a hydrophobic gas permeable membrane was glued on top of the 
polymeric rim. 
This encapsulation technique was validated through gas measurements. The sensors were exposed to different 
concentrations of CO (from 20 to 100 ppm) in synthetic air with 50% relative humidity at a flow rate of 200 ml/min. 
The results are presented in figure 5. All sensors showed a good logarithmic linearity, a typical behavior of metal-
oxide gas sensors. Compared to unpackaged sensors, the encapsulation increased the response time of the devices by 
about 50% to 2-4 min depending on their size. 
Fig. 4: (a) Gas sensors on polyimide foil with the laminated rims as spacers around the active area. Their inner and outer diameter were 
respectively of 700 and 1200 µm. Insert: Gas sensor with the gas permeable membrane glued on top. (b) SEM cross-sectional view of the 
electrical interconnect of the electrode between the PI foil and the rim. 
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Fig. 5: Response of the unpackaged and packaged gas sensors when operating at 250°C to several concentrations of CO. 
4. Conclusion 
A technique for the encapsulation of chemical sensors based on the reversed processing of dry film photoresist 
was presented. It combined dry fabrication with low-temperature steps. The method is particularly suitable for 
devices with sensitive layers and/or fabricated on plastic substrates. It was demonstrated here with the encapsulation 
of metal-oxide gas sensors devised on a polyimide foil, but the technique is also suitable with standard substrates 
such as silicon or glass. Additionally, this method has a strong potential for the fabrication and encapsulation of 
other types of microsystems where 3D structuring at the substrate level is of interest, such as the fabrication of 
microfluidic channels. 
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